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Abstract 
In this paper are analyzed thermal characteristics of sandwich plates with prismatic core in order to optimize their 
geometry. Open structure of sandwich plates makes them convenient for cooling: the fluid flows through the open 
channels in the core and takes away the heat which can act on one or both surfaces of the plate. The construction of 
sandwich plates with prismatic core is also convenient for application where good heat conduction and high carrying 
capacity are requested simultaneously. If one bears in mind this double application, the task is to perform the opti-
mization of the sandwich plate's geometrical parameters in order to apply various combinations of structural and 
thermal loads. Results presented in this paper provide possibility for large geometrical flexibility in combining 
thermal and structural characteristics optimization. 
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1. Introduction 
 
Sandwich plates with prismatic cores are the most efficient structures from the aspect of mass, especially in the 
case when the load is in the core direction, Valdevit et al. (2004) and Djokovic et al. (2013). Simultaneously, their 
open structure makes them convenient for cooling, since the cooling fluid flowing through the channels absorbs and 
takes away the heat which can act on one or both surfaces of the sandwich plate. The construction of sandwich 
plates with prismatic cores is also convenient for applications where one simultaneously requires potentially good 
heat conduction and high carrying capacity. Considering this bi-functionality, it is especially important to optimize 
the geometrical parameters of sandwich plates with prismatic cores in such a way, so that they would be able to 
transfer various combinations of static and thermal loads. 
Optimization of sandwich plates, from the aspect of loads, was subject of investigation of numerous researchers, 
like Wicks and Hutchinson, (2001), Wicks and Hutchinson (2004), and Evans et al. (2001). In paper by Lu et al. 
(2005) the directions were given for various cooling techniques. Valdevit et al. (2001) were dealing with 
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geometrical optimization from the aspect of cooling of plates with corrugated and diamond cores.  
In this paper is considered geometrical optimization from the aspect of cooling of sandwich plates with prismatic 
cores, of the shape shown in Figure 1. Geometry of the considered sandwich plate consists of prismatic core with the 
plate thickness dc. The angle between the core plate and the horizontal is q. The core height is Hc. Thickness of the 
isotropic plates that make face sheets of the sandwich plates is tf.  The width and length of the sandwich plate are W 
and L, respectively. 
Significantly more efficient structure could be obtained if one adopts different materials for the core and plates, 
however in this paper the assumption is made that both the plates and the cores are made of the same material. In 
that case, Young modulus, Poisson's ratio, yield stress and material density are E, Q, Vy and U, respectively. 
 
                                                  
                                           a)                                                                                        b) 
Fig. 1. Schematic presentation of the sandwich plate with prismatic cores (a) and assumed thermal load (b) 
As presented in Figure 1, the upper face of the sandwich plate is exposed to heat flux, Q. The lower face and 
sides are completely insulated, so the heat is being taken away exclusively by the cooling fluid. At the entrance fluid 
has temperature Tf,in while at the exit the fluid's temperature is Tf,out. The maximum temperature of the sandwich 
plate material, Tm,max, is at the upper face at the exit. 
In order to describe characteristics of the heat flux, the three dimensionless variables are used: Reynolds number, 
ReH, the friction factor, fH and the Nusselt number, NuH. Those parameters depend on the fluid flow speed, losses 
due to friction caused losses and the heat transfer coefficient of the sandwich plate material, hH, Valdevit et al. 
(2006): 
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where: ȡf, ȝf and kf are the density, dynamic viscosity and heat conductivity of the cooling fluid, respectively, 'p is 
the pressure drop at distance L, u0 is the average fluid speed, Tm(x) is the local temperature value at the upper face of 
the sandwich plate and Tf(x) is the average fluid temperature in the axial direction. 
Expression in equation (1) can also be written in terms of pump power P, which is needed to keep the fluid flux 
with speed u0 due to pressure drop 'p, Valdevit et al. (2006): 
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Considering that the temperature difference is unknown, it is much more useful to apply the difference 
,max ,( )m f inT T  , thus equation (2) can be written as: 
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where Pr is the Prandtl number for the cooling fluid. 
 
2. Problem formulation 
 
As can be seen from Figure 1, the core consists of triangular and rhomboidal shaped channels. It is assumed that 
the pressure drop in channels of both shapes is the same. The fluid flow can be laminar or turbulent, with three 
possible options: laminar in channels of both shapes, laminar in triangular channels and turbulent in rhomboidal 
ones and turbulent in channels of both shapes. To determine whether the flow is laminar or turbulent, one has to 
determine the Reynolds number. This directly affects determination of the plate's friction factor. Nusselt's number 
does not depend on Reynolds number, but only on the channel's shape.  
For sandwich plate with prismatic cores, shown in Figure 1, relative density of the core is calculated as, Djokovic 
et al. (2013): 
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Reynolds number for the sandwich plate with prismatic cores of Figure 1 is: 
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where Retr and Rerh are the Reynolds numbers for the triangular and rhomboidal channels, respectively: 
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where Dtr and Drh are hydraulic radii of triangular and rhomboidal channels, respectively: 
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The friction factors for the sandwich plate with prismatic core of Figure 1, for the laminar and turbulent flow 
regime, respectively, Lu et al. (2005) are: 
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where N is the core's plate roughness. 
The Nusselt number for the sandwich plate with prismatic cores of Figure 1 is: 
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where: kH is the heat conductivity of the sandwich plate's material; Nutr and Nurh are Nusselt's numbers for the 
triangular and rhomboidal channels, respectively: 
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3. Results and discussion 
 
The two different systems were analyzed: one where the material of the sandwich plate is aluminum and the 
cooling fluid is air and the other where the material of the sandwich plate is also aluminum, but the cooling fluid is 
water. 
In Figure 2 are presented the thermal characteristics 3h(3p) for the optimized sandwich plate with Uc = 0.1. 
 
           
a)   b)   
  Fig. 2. Optimal thermal characteristics, 3h in terms of 3p for the two different systems: 
(a) Aluminum – air; (b) Aluminum – water. 
Similarity of the optimal thermal characteristics for the two different systems that can be noticed from Figure 2 
does not point to influence of geometry of the sandwich plate on its thermal characteristics. 
The two mechanisms of the heat transfer are present in sandwich plates with prismatic cores: conduction through 
the plate's cores and convection through the fluid. They have different effects on optimal geometry. Efficient 
conduction requires large plate core thickness and small thickness of the face, what as a result has a small difference 
in temperature between the plate material and fluid. On the other hand, convection is improved by the larger face 
thickness, what results in larger hydraulic radius. Optimal values of the relative core density Uc, relative core height 
Hc/L and relative core plate thickness dc/L are presented in Figures 3, 4 and 5, respectively. 
As can be seen from Figure 3, optimal cores' density increases with increase of the power index for the system 
aluminum – air. Situation is somewhat different for the system aluminum – water, where the optimal density 
increases up to a certain value of the power index, after which it starts to drop. That corresponds to the moment 
when the turbulent flow starts in channels of both shapes. 
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                                                      a)                                                                                         b) 
Fig. 3. Optimal relative core thickness Uc in terms of power index 3p for two different systems: 
a) Aluminum – air; b) Aluminum – water. 
 
                        
 
                                                      a)                                                                                         b) 
Fig. 4. Optimal relative core height Hc/L in terms of power index 3p for two different systems: 
a) Aluminum – air; b) Aluminum – water. 
In Figure 4 b) one can notice oscillations of results for the aluminum – water system. Those oscillations occur 
due to changes in the flow regime from laminar to turbulent. As long as the flow in both types of channels 
(triangular and rhomboidal) is laminar, the relative core height Hc/L decreases with increase of the power index 3p. 
The first peak corresponds to appearance of the turbulent flow in the rhomboidal channels. The next peak 
corresponds to appearance of the turbulent flow in the triangular channels. 
In Figure 5 is presented variation of optimal cores' plate thickness with the power index. For the aluminum – air 
system –Figure 5 a) – one can notice that relative thickness of the cores' plate increases with power index up to a 
certain value when it starts to stagnate and then it drops with further increase of the power index. For the aluminum 
– water system, power index does not have any influence on the relative cores' plate thickness, up to a certain value, 
except for the jump which corresponds to beginning of the turbulent flow in channels of both types. 
Comparing Figures 3, 4 and 5 one can conclude that, from the point of view of optimal thermal characteristics, 
system – aluminum water is superior to system aluminum – air. 
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                                                           a)                                                                                                   b) 
Fig. 5. Optimal relative core plate thickness dc/L in terms of power index 3p for two different systems: 
a) Aluminum – air; b) Aluminum – water. 
4. Conclusions 
 
In this paper are analyzed thermal characteristics of the sandwich plates with prismatic cores for the purpose of 
optimization of their geometry. The geometry is optimized so that the maximum heat flux can be realized, for 
different values of the pump power index. The two dimensionless parameters are introduced, which are related to 
heat transfer and power of the pump. Results are obtained for two different systems: material of the sandwich plate 
aluminum and cooling fluid air and material of the sandwich plate aluminum and cooling fluid water. 
From Figure 5 one can see from comparing system aluminum – air to system aluminum – water that substitution 
of air by water contributes to better thermal characteristics. Optimal thermal characteristics of the sandwich plate 
with prismatic cores are obtained for the relative cores' density in range 0.25 to 0.5. 
The construction of the sandwich plates with prismatic cores is convenient for application in cases when the good 
heat conduction and high carrying capacity are required simultaneously. Results presented in this paper offer 
possibility of high geometrical flexibility in combining the thermal and structural optimization of sandwich plates 
with prismatic cores. 
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